Comparison between textured silicone implants and those bonded with expanded polytetrafluoroethylene in rats 
Introduction
The inflammatory response promoted by synthetic materials on receptor tissues depends on electrolyte surface activities and its stability to hydrolysis or to oxidation (1) . The biological response to polymers is an inflammatory reaction, with collagen fiber deposits and maturation of fibrous connective tissue, around the implant. The fibrous capsule is flexible with smooth internal surface. A constrictive fibrosis termed capsular contracture can develop in some cases 2 . Even silicone, used in implants and considered chemically inert 4 , elicits an inflammatory reaction, with subsequent formation of a fibrotic capsule. Differences can occur in the capsular composition, depending on the material around the implant and the gel as well as the host's immunological response 2 . Capsular contracture corresponds to the consolidation and pain in the mammary region, and can distort the implant 5 . Varying in incidence, capsular contracture has been less severe in textured implants compared to smooth ones. Although textured implants have improved surgical results, capsular contracture continues without a definitive solution 5 . Many reasons have been proposed to explain this occurrence. Silicone molecules in the peri-implant tissue, have been advocated as the chief cause 6, 7 . Another synthetic material used in Medicine is expanded polytetrafluoroethylene (e-ptfe) 1 . It consists of nodules linked to flexible fibers of the material, forming a microporous structure. Prior studies that have employed e-ptfe, have exhibited a mildly severe inflammatory response to this material 9 . In the continuous search for new materials that promote minor inflammatory reaction in the host, thereby reducing possible formation of the fibrous capsule has led to the comparative study of the inflammatory response of textured silicone implants compared to those bonded with e-ptfe.
Methods
One hundred and fifty female rats (Rattus norvegicus albinos), weighing 200 g. were distributed into three groups: control, silicone and bonded e-ptfe group. Each group was then subdivided into five groups. These subgroups defined the dates in which the animals were reoperated to remove the specimens, i.e., implants and peri-implant tissues, on days 7,30,60,90,180 after insertion of the implants. The silicone implant was rounded, contained 2cm 3 volume of silicone gel, and covered by textured silicone with porosity ranging from 100 to 500µm and 2.2cm diameter. The implant bonded with e-ptfe was similar but covered by a tube of e-ptfe with porosity of 30µm and 2.5cm diameter. A 2.5cm longitudinal incision was used to insert the implant in the animal's back, undermining the pocket below the panniculus carnosus muscle, in the animals of the silicone and bonded e-ptfe groups respectively. Closure was realized with 5-0 monofilament nylon. After the predetermined days, the animals underwent a new surgical procedure, with resection of the region that included the implant, from the skin to the deep muscles with margins of 0.5cm on each side. Specimens were cut 6µm thick and stained with hematoxylin-eosin (H.E.). An optic microscope with 10X enlargment eyepiece was utilized, integrated grid with 25 squares and lense with 40X enlargment. Eight fields were counted in the response tissue, with 25 spots each, that is, four fields in each surface, a total of 200 spots analyzed on each slide. The fields were all tangential to the material. The proportion of neutrophils, lymphocytes, macrophages, fibroblasts and giant cells were defined in relation to the total number of cells and the representative ratio of the vascular volume in relation to the capillaries. The Kruskal-Wallis variance analysis was applied for the statistical analysis. When a significant difference was detected, it was complemented by the multiple comparisons test. The level of rejection of the null hypothesis was set at 0.05. The statistically significant values were indicated with a darker line and its comparison in a lighter one.
Results

Percentage of neutrophils
The comparison of subgroups 7, 30, 60, 90, 180 days, in the silicone group, showed a statistically significant difference in regard to the number of neutrophils among the 7 day subgroup and the 30 and 180 days subgroups (p<0.01). In the bonded e-ptfe group, the comparison of subgroups showed a significant difference among the 7 and 30 days subgroups, compared to the 90 and 180 days subgroups (p<0.01). The control group did not show a significant difference (Figure 1 ). FIGURE 1 -Neutrophils. Comparison among subgroups (7, 30, 60, 90 and 180 days), of each group separately. The significant value is indicated with a dark line and the comparison in a light one
Comparison among the silicone, bonded e-ptfe and control groups in the 7 days subgroup, displayed a statistically significant major number of neutrophils in the silicone and bonded e-ptfe, groups compared to the control group (p<0.01). In the 30 days subgroup, the comparison revealed a statistically significant major number of neutrophils among the bonded e-ptfe group and the silicone group (p<0.001). No significant difference was observed in the comparison of the other subgroups ( Figure 2 ).
Percentage of macrophages
Comparison among subgroups (7, 30, 60, 90, 180 days) in the silicone group, displayed a statistically significant major number of macrophages in the 7 and 60 days subgroups compared to the 90 days subgroups ((p<0.05). In the bonded e-ptfe group comparison of the subgroups showed a significant major number of lymphocytes among the 7,30 and 60 days subgroups compared to the 180 days subgroup (p<0.01). No significant difference was observed in the control group ( Figure 5 ). Comparison among the silicone, bonded eptfe and control groups in the 7, 30 and 60 days subgroups showed a statistically significant major number of macrophages in the silicone and bonded eptfe groups compared to the control group (p<0.01).
Comparison of the 180 days subgroup, showed a significant major number of macrophages among the 
Percentage of lymphocytes
Comparison among subgroups (7, 30, 60, 90 , 180 days), in the silicone group showed a statistically significant major number of lymphocytes in the 7 and 180 days subgroup, compared to the 30,60,90 days subgroups (p<0.02). In the bonded e-ptfe group, comparison of the subgroups displayed a significant major number of lymphocytes in the 180 days subgroup, compared to the 30 days subgroup (p<0.01). No significant difference was observed in the control group ( Figure 3) . Comparison among the silicone, bonded eptfe and control groups in subgroups 7,30, and 90 days, showed a statistically significant major number of lymphocytes in the control group compared to the silicone and bonded e-ptfe (p<0.01). Comparison of the 180 days subgroups indicated a statistically significant major number of lymphocytes among the control and the silicone groups (p<0.05). No significant difference was observed in the comparison of the groups, in the 60 days subgroups (Figure 4 ). of the subgroups displayed a significant major number of fibroblasts in the 60 days subgroups, compared to the 30 days subgroups (p<0.01). Comparison among the silicone, bonded e-ptfe and control groups in subgroup 7 (p<0.01), 30 (p<0.001) and 90 days (p<0.02), displayed a statistically significant major number of fibroblasts in the silicone and bonded e-ptfe groups compared to the control group. In the 180 days subgroup, a statistically significant major number of macrophages was observed in the bonded e-ptfe group, compared to the control (p<0.01). No significant difference was noticed in comparison of the groups with the 60 days subgroup (Figure 8 ). 
Percentage of giant cells
Comparison among subgroups and groups did not demonstrate a statistically significant difference.
Percentage of fibroblasts
Comparison among subgroups in the silicone group displayed a statistically significant major number of fibroblasts in subgroups 30 and 90 days, compared to the 180 days subgroups (p<0.01). No statistically significant difference was observed in the bonded e-ptfe group (Figure 7 ). In the control group, the comparison 
Vascular volume -capillaries
The comparison between subgroups (7, 30, 60, 90, 180 days) in the silicone group, showed a statistically significant major number of capillaries in the 7 days subgroup, compared to subgroups 30 and 180 days (p<0.001) and also in subgroups 60 and 90 days, compared to the 30 days subgroup. In the bonded e-ptfe group a statistically significant major number was present in the 7 days subgroup compared to 60 and 180 days (p<0.001) and also in the 30 days subgroup, compared to the 180 days. No statistical difference was observed in the control group (Figures 9 and 10) . Comparison among the silicone, bonded e-ptfe and control groups in subgroups (7,60,90,180 days), displayed a statistically significant major number of capillaries in the silicone and bonded e-ptfe groups compared to the control group (p<0.001). The 30 days subgroup, compared to the group showed a statistically significant major number of capillaries in the bonded eptfe group compared to the silicone and control groups (p<0.01) (Figure 11 ).
Discussion
The original silicone implant has undergone various alterations, with the objective of reducing its inflammatory reaction. These modifications occur not only in its fluid content in an attempt to prevent bleeding, but also around it, modifying its surface characteristics or the number of its layers. The response of host tissue to silicone implants has been the subject of numerous studies, since it can vary from the formation of a thin clinically unnoticeable capsule, to a thick, contracted one 10 . One of the most significant changes realized in smooth silicone implants was its textured surface 11 . Based on the search for other alternatives, it was decided to study the e-ptfe bonded to the textured silicone implant, because of other studies demonstrating the mild reaction of this material on host tissue
2 . An experimental study by Kafejian et al. 9 , compared tissue reactions to a fragment of smooth and rigid silicone implant and to a specimen of e-ptfe and evaluated 3,7 and 30 days after implantation using morphologic and morphometric analysis. Using electron microscopy Krause et al. 12 , analyzed the inflammatory response to silicone and eptfe implants, indirectly, over a two to seven day period, by quantification of activated interleukin-1, adhering to the surface of macrophages. The experimental study of Berman et al. 13 idealized synthetic material of mixed origin, in which e-ptfe was bonded to smooth silicone and compared histologically with cartilage, supramid and silicone. Nonetheless, there are no clinical or experimental studies, comparing silicone to e-ptfe, bonded to silicone gel implants. Therefore, we proceeded to analyze the inflammatory response on rats caused by silicone gel implant covered by textured silicone and silicone gel implant covered by e-ptfe bonded to textured silicone. Concerning the inflammatory response itself, in brief it is a local reaction of the tissues to an aggression, which evolves qualitatively in a relatively stereotyped manner. After the aggression, an acute inflammatory response sets in, with vascular exudative phenomena, and predominance of neutrophils, lasting for about three days and followed by repair. When the aggressor agent is not removed and the acute inflammatory reaction lasts longer because of this, the response becomes chronic. In addition to the time element, it will represent a different physiopathogenic process, characterized by mononuclear cells in the tissue 14 . This accumulation of neutrophils is one of the most important features of the acute inflammatory reaction and increases at the onset of the process, eventually decreasing, giving way to other components that characterize the reconstructive stage 14 . It is possible to verify during the process, in the silicone group that a significant reduction in the number of neutrophils has occurred, concurring with the findings of Batra et al. 15 . This group experimentally analyzed silicone implants with various types of elastomers. The increased number of neutrophils noted during the acute inflammatory reaction, is also related to the operative trauma, as a characteristic of the healing response 16, 17 . Although a non-significant increase had occurred in the number of neutrophils in subgroups 7 and 30 days, in the bonded e-ptfe group, a significant reduction was seen in regard to the 90 and 180 days periods, leading to resolution of the acute inflammatory response. It should be emphasized that the increase among subgroup 7 and 30 days, occurred because the acute inflammatory reaction continued in three of the ten animals. This was probably caused by contamination. When statistically analyzed, the increase in neutrophils observed in the 30 days subgroup, in calculation of averages, demonstrated a contradiction in the analysis of the process. Nevertheless, upon isolating this data, and using the mean, we observed a real trend that is the reduction of the number of neutrophils, corresponding to resolution of the inflammatory process. Even though limited to 30 days evolution, the results of Kafejian et al. 9 and Haddad-Filho et al. 18 , the latter, in a comparative study between e-ptfe and bovine pericardium, confirmed the results obtained. When the silicone, bonded e-ptfe and control groups were compared, in the 7 days subgroup, a significant increase was noted in the number of neutrophils in the two-implant groups compared to the control group. In comparing the 30 days subgroups, their comparison displayed a significant difference regarding e-ptfe, in relation to the silicone and control groups, probably due to the contamination previously mentioned. This result permits us to conclude that the materials influence the inflammatory/repair process, in the same manner described by Guidugli-Neto 19 . The lymphocytes delineate cells of the histological profile of the chronic inflammatory reaction, and are rarely present in the acute inflammatory reaction, generally increasing progressively and accompanied by macrophages and granulation tissue. These cells act upon agents in which the neutrofiles are incapable of acting. The silicone group, demonstrated a significant reduction among the 7, 30, 60 and 90 day subgroups. However, starting at 30 days, with the number of lymphocytes already lower, a small increase occurred in the other subgroups. These subgroups compared to the 180 days subgroup, displayed statistically significant differences, with chronicity of the inflammatory reaction. This probably occurred due to the presence of a foreign body reaction. Analysis of the average number of lymphocytes confirmed the averages of the results, i.e., chronicity of the inflammatory response was established. Batra et al. 15 , observed oscillation regarding the number of lymphocytes, in relation to textured silicone, however, they emphasized the permanence of this histological variable up to the end of the experiment, confirming the hypothesis of chronicity of the inflammatory reaction.
The bonded e-ptfe group also displayed a tendency to chronicity of the inflammatory reaction during the periods. However, among the 7 and 30 day subgroups, the number of lymphocytes decreased, concurring with the findings of Kafejian et al. 9 and Haddad-Filho et al. 18 , noted an increase in lymphocytes during the periods, which is contrary to what was observed in the present study, nevertheless, confirming the chronicity of the acute inflammatory reaction. The presence of macrophages also confirms the chronicity of the inflammatory reaction. The necessity of eliminating agents during the repair process, that the neutrophils could not eliminate, due to their size, will be eliminated by the macrophages 17, 20 . The silicone group exhibited a relative maintenance of macrophages compared to the 7 and 180 day groups, with oscillations occurring in the 30,60,90 day groups. It was significant in the 7 and 60 day subgroups, compared to the 90 day subgroup. Utilizing textured silicone gel implants Smahel et al. 21 , observed the presence of macrophages on histological examination, at 30 days. A comparative experimental study by Bern et al. 22 of the biophysical and histological properties of the capsules formed after three months by the saline filled smooth and textured silicone implant, displayed an inflammatory reaction around the textured implant with many macrophages, among other inflammatory cells. Batra et al. 15 , in their study noticed macrophages from start to finish of the periods analyzed, this is one of the histological variables most frequently studied. The results of the evaluation of the chronicity of the acute inflammatory reaction analyzed in relation to macrophages, has led us to suggest a supposed tendency to chronicity coincident with the data observed. Regarding macrophages, in the bonded e-ptfe group, a statistically significant decrease was observed among subgroups 7, 30 and 60 days, compared to the 180 days subgroup. Nevertheless, both in the isolated and general analysis of the macrophages, in relation to the subgroups, even with a progressive reduction in their number, nevertheless, they demonstrated some degree of chronic inflammation, agreeing with the results of Kafejian et al. 9 . Berman et al. 13 , detected a mild foreign body reaction when analyzing the number of macrophages. Comparing the three groups (silicone, bonded e-ptfe and control), a significant reduction of macrophages was perceived in the 7,30 and 60 day subgroups of the two groups compared to the control group and in the 180 days subgroup of the silicone group compared to the eptfe and control groups. These findings permit us to conclude that the increase in macrophages must be stimulated by the presence of the material. The fibroblast the chief collagen-producing cell within the inflammatory process is responsible for production of organic material that the body will utilize for repair. Therefore, these cells would be expected to increase at the onset of repair and then decrease, either by maturation or because they are finally among the collagen fibers that they produced, making their visibility difficult 23 . In the silicone group, the number of fibroblasts increased at the start of repair and later decreased, and was significantly increased in the 30 and 90 day subgroups compared to the 180 days subgroup. Smahel et al. 21 , on the other hand, observed that fibroblast accumulation began at 90 days and that at 180 days their presence was conspicuous. Batra et al. 15 described that a larger number of fibroblasts was present on the textured surfaces, but were also present on other surfaces studied (smooth and pillared). The number of young fibroblasts were now counted, without quantifying mature ones interspersed in the collagen fibers, observed at the end of repair in the present study. Comparison of subgroups 7,30 and 90 days, showed a significant increase in fibroblasts in relation to the silicone and bonded e-ptfe groups when compared to the control. In the 180 days group a significant difference between the bonded e-ptfe and control group was shown, illustrating that the materials induce tissue repair. Capillaries were present in major quantity at the onset of the inflammatory stage, diminishing after repair. We noticed that in the chronic inflammatory response, they form the granulation tissue 17 . In the silicone 7 days subgroup, a statistically significant decrease in capillaries in relation to the 30 and 180 days subgroups was observed. Although oscillations occurred during the time periods, the reduction in capillaries corresponds to the expected result. Smahel et al. 21 , similarly described an increase in the number of capillaries during the study period when textured silicone was employed. In the e-ptfe group a significant decrease in capillaries was observed compared to the 7, 60 and 180 days subgroups. Comparison of the groups, showed a statistically significant major number of capillaries for subgroups 7, 60, 90 and 180 days in the silicone group and for subgroups 7,30,60,90 and 180 days of the bonded e-ptfe group, compared to the control group. This data demonstrates resolution of the inflammatory-repair process and interference of materials on it. Haddad-Filho et al. 18 observed similar results during the 30 day period. Regarding the e-ptfe, Kafejian et al. 9 observed an increase in capillaries at the end of 30 days. This data is in agreement, so long as we attribute the increase in capillaries to irregularity of the material and to vessels penetrating in it. When all the steps of tissue reaction to implants were analyzed, it was noted that during the entire process of acute and repair stage for both materials, from surgical manipulation to the end of the study, occurred in an interspersed and consecutive manner. It was also noticed that the acute inflammatory reaction, characterized the initial stage of the study, followed by chronic reaction of non-specific patterns associated to proliferation of granulation tissue, culminating with formation of a fibrous capsule, varying in thickness around both implants. Regarding silicone, the findings of the chronic inflammatory reaction, confirm the results of Kossovski et al. 24 . The present study enables us to conclude that the inflammatory process, starting from the acute stage to the repair stage, for both implants, occurred by interspersion and consecutively, the acute inflammatory reaction was more severe and irregular when the silicone implant was used, both materials induce a chronic inflammatory reaction, which is more severe when the silicone implant is used, and, finally, both materials cause a weak foreign body inflammatory reaction that is more marked when a silicone implant is used. Later studies will be developed to confirm the viability of this implant bonding material in humans.
Conclusions
The acute stage of the inflammatory response was more severe and irregular in the silicone implant; both the silicone implant and the silicone bonded with e-ptfe promoted chronic inflammatory reaction and weak foreign body inflammatory response. These reactions were greater in the silicone implant group. 
